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Background: Socioeconomic inequalities in cancer mortality in Britain have been shown to be present in the 1990s
and early 2000s. Little is known about on-going patterns in such inequalities in cancer mortality. We examined time
trends in socioeconomic inequalities in cancer mortality in Britain between 1978 and 2013.
Methods: A socially representative cohort of 7489 British men with data on longest-held occupational social class,
followed up for 35 years, in whom 1484 cancer deaths occurred.
Results: The hazard ratio for cancer mortality for manual vs. non-manual social classes remained unchanged;
among men aged 50–59 years it was 1.62 (95%CI 1.17–2.24) between 1980–1990 and 1.65 (95%CI 1.14–2.40)
between 1990–2000. The absolute difference (non-manual minus manual) in probability of surviving death from
cancer to 70 years remained at 3% over the follow-up. The consistency of risks over time was similar for both
smoking-related and non-smoking related cancer mortality.
Conclusion: Socioeconomic inequalities in cancer mortality in Britain remain unchanged over the last 35 years and
need to be urgently addressed.
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Cancer remains a leading cause of mortality in the UK,
accounting for 157, 000 cancer deaths (28% of all deaths)
in 2010 [1]. Socioeconomic inequalities in cancer mor-
tality and survival in the UK are well documented [2-8],
with higher cancer mortality rates in lower socioeco-
nomic groups than in higher ones. Although survival
rates for most cancers have improved in the UK, socio-
economic inequalities in survival are known to persist in
England, such that those from lower compared to higher
socioeconomic groups have an increased risk of cancer
mortality [9]. Different factors contributing to these
inequalities are socioeconomic differences in risk factors
(such as tobacco), stage of diagnosis and access to* Correspondence: s.ramsay@ucl.ac.uk
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unless otherwise stated.treatment [10-13]. Previous findings have shown little
reduction in inequalities in cancer survival England be-
tween 1996 and 2006 [7].
Recent public health policies in the UK have aimed at
reducing socioeconomic inequalities in cancer mortality.
The NHS Cancer Plan (2000) for England outlined a
strategy to improve cancer survival, with reducing socio-
economic inequalities in cancer mortality as one of its
main aims [14]. More recently through the launch of the
National Cancer Equality Initiative (NCEI), there has
been a greater focus on specifically addressing the issue
of health inequalities in cancers [9]. In order to inform
these on-going policy efforts, a better understanding and
monitoring patterns of changes or trends in inequalities
in cancers over time is important to achieve a reduction
in these inequalities. Therefore, in this paper, we aim to
investigate whether socioeconomic differences in cancer
mortality have persisted between 1978–80 and 2013 in a
representative cohort of British men. Given the recentl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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for cancer [16], which is also strongly socioeconomically
patterned [17], we were also interested in assessing changes
in socioeconomic inequalities separately for smoking and
non-smoking related cancer mortality. We have previously
demonstrated that inequalities in all-cause and coronary
disease mortality (another leading cause of death) have
not narrowed in Britain [18], – in this paper we investigate
the same issue for cancer mortality.
Methods
The British Regional Heart Study is a prospective study
comprising a socially and geographically representative
sample of 7735 men initially examined in 1978–80 when
aged 40–59 years, drawn from one general practice in
each of 24 towns representing all major British regions
[19]. All men provided written informed consent to the
investigations, carried out in accordance with the
Declaration of Helsinki. This study was approved by the
National Research Ethics Service (NRES) Committee,
London Central region. The study was initiated originally
to understand geographical variations in cardiovascular
disease mortality in Britain [20]. Cohort participants have
been followed-up since for morbidity through two-yearly
reviews of general practitioner (primary care physician) re-
cords. Data on mortality have been obtained through the
established procedure of ‘flagging’ participants with the
National Health Service Central Register; contact was suc-
cessfully maintained with >98% of study participants.
Follow-up of the participants has also been through postal
questionnaires to collect information on general health
outcomes. Cancer mortality was ascertained from death
certificates with malignant neoplasms identified as the
underlying cause of death (International Classification of
Diseases, 9th revision (ICD-9) ICD 140–208); smoking-
related cancer deaths included cancers of the lip, tongue,
oral cavity and larynx (ICD codes 140, 141, 143–149),
oesophagus (ICD 150), pancreas (ICD 157), respiratory
tract (ICD 160–163), bladder (ICD 188), kidney (ICD
189), acute myeloid leukemia (ICD 208.0) and stomach
(ICD 151.0; excluding noncardia); [16] all other malignant
neoplasms were classified as non-smoking related cancers
for the analysis.
Socioeconomic position was based on occupational so-
cial class. The longest-held occupation of subjects at study
entry (aged 40–59 years) was used to define social class
using the Registrar Generals’ Social Class Classification –
I (professionals, e.g. physicians, engineers), II (managerial,
e.g. teachers, sales managers), III non-manual (semi-
skilled non-manual, e.g. clerks, shop assistants), III
manual (semi-skilled manual, e.g. bricklayers), IV (partly
skilled, e.g. postmen) and V (unskilled, e.g. porters, general
labourers) [21]. Information on social class was not
available for 15 subjects. Men with the longest-heldoccupation in the armed forces were excluded from the
analyses [231 at baseline (3%)]. Social classes I, II and
IIInon-manual were grouped as ‘non-manual’ while social
classes IIImanual, IV and V were grouped as ‘manual’ to
provide a single overall summary of social inequalities
and their trends [18]. This occupational social class
measure has been previously used to investigate socio-
economic inequalities in mortality, cardiovascular dis-
ease, disability, and trends in inequalities in all-cause
and coronary disease in this cohort [18,22,23], and other
studies [24-28].
Statistical analysis: Social classes were combined into
two groups of non-manual (social class I, II, III non-
manual) and manual (III manual, IV and V). Cox’s pro-
portional hazard model was used to assess the relation
of social class with all-cancer and smoking-related cancer
mortality. Age-adjusted hazard ratios (HRs) with 95% con-
fidence intervals (CI) were calculated for the social class
groups using non-manual social classes as the reference
category. We examined trends in inequalities in all-cancer
and smoking-related cancer mortality over the follow-up
time of 35 years from baseline until July 2013. The follow-
up time was divided into three calendar periods starting
from baseline in 1978–80: 0–10 years (1978–80 to 1988–
90), 10–20 years (1988–90 to 1998–2000), and 20–35 years
(1998–2000 to 2008–2013). Baseline age was divided into
two groups of 40–49 and 50–59. HRs with 95% CI (rela-
tive risks) comparing manual with non-manual groups for
all-cancer and smoking-related cancer mortality were cal-
culated overall for the two age groups and three calendar
periods, and for each age group within each time period.
Cox models included effects of age, period, social class,
and social class*period interaction (to ascertain whether
the social class effect changed over calendar time). To es-
timate the overall change in relative difference in non-
manual vs. manual groups, we calculated the ratio of HRs
(or the change in hazard ratio) per year over the entire 35-
year calendar period from the Cox regression model esti-
mates – this provided an estimate of the change in hazard
ratio (or relative risk) over the entire follow-up period.
Similar analyses have been used in the cohort to investi-
gate trends over time in inequalities in all-cause and cor-
onary disease mortality [18].
Rates of death from all-cancer and smoking-related
cancer mortality were estimated to ascertain the absolute
difference in cancer-free survival between manual and
non-manual groups according to the age groups and cal-
endar periods described above. Survival probability to
age 70 years was calculated using Cox models for the
non-manual and manual groups to estimate the absolute
social class difference in survival. Most analyses were
carried out using SAS version 9.3; analyses examining
social class*age and social class*period interactions were
carried out with STATA version 12.
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Results are based on 7489 men aged 40–59 years at base-
line followed up for 35 years (193, 155 person years). Dur-
ing this period, 4627 deaths occurred; 1484 deaths were
from cancers, of which 734 were smoking-related cancer
deaths. Overall HRs comparing manual with non-manual
social classes were 1.35 (95% CI 1.21, 1.50) for mortality
from all cancers, 1.53 (95% CI 1.32, 1.79) for smoking-
related cancers, and 1.20 (95% CI 1.03, 1.38) for non-
smoking related cancers. Table 1 presents descriptive
characteristics of the cohort.
Table 2 presents age-adjusted HRs for all-cancer,
smoking-related and non-smoking related cancer mortal-
ity comparing manual with non-manual groups, according
to different calendar periods from baseline and two age
groups. Changes in relative hazard over calendar time, in-
dependent of age, can be observed in Table 2 by following
the HRs horizontally across the rows. For example, among
men aged 50–59 years the HR for all-cancer mortality was
1.62 (95% CI 1.17, 2.24) in the first 10-year period, and
1.65 (95% CI 1.14, 2.40) for men aged 50–59 years in the
next 10-year period; the corresponding HR for smoking-
related cancer mortality declined slightly from 1.83 (95%
CI 1.18, 2.83) to 1.58 (95% CI 0.96, 2.61), and remained
non-significant for non-smoking related cancer mortality -
1.40 (95% CI 0.87, 2.25) and 1.74 (95% CI 0.99, 3.04) re-
spectively. A formal analysis of the social class*period
interaction extending over the follow-up period and for all
age groups, showed that over a 35-year calendar period,
the change in hazard ratio per year comparing manual vs.
non-manual groups was 0.99 (95% CI 0.98-1.00, p = 0.09),
for all-cancer mortality, 0.99 (95%CI 0.97-1.01, p = 0.17)
for smoking-related cancer mortality, and 0.99 (95% CI
0.98, 1.01, p = 0.50) for non-smoking related cancer mor-
tality. These estimates compare the change in hazard ratio
(or relative risk) for non-manual vs. manual groups over
time. Thus, these estimates indicate that there was no evi-
dence for change in the relative social class differences
over the follow-up period.
The corresponding absolute differences between non-
manual and manual groups in rates of all-cancer, smoking-
related and non-smoking related cancer mortality are
presented in Table 3. Absolute differences (non-manual–
manual) at different calendar periods can be observed byTable 1 Descriptive characteristics of a cohort of British men
Overall
Age (years) – mean (SD) 50 (5.8)
Body mass index (kg/m2) – mean (SD) 25.5 (3.2)
Systolic blood pressure (mmHg) – mean (SD) 145 (20.9)
Current smoking n (%) 3046 (41%)
Moderate/ heavy drinking – n (%) 2787 (37%)
Physical inactivity – n (%) 2928 (40%)following comparable age groups horizontally across the
rows. For example, the absolute social class difference (per
1000 person years) in all-cancer mortality for 50–59 year
old men was 2.29 in the first 10-year period and 1.88 in
the next 10-year period. Similarly, the absolute difference
(per 1000 person years) in smoking-related cancer mortal-
ity for 50–59 year old men was 1.61 in the first 10-year
period and 1.00 in the next 10-year period; and 0.70 and
0.95 respectively for non-smoking related cancer mortal-
ity. An analysis estimating probabilities over a 30-year
period from a Cox model showed that the absolute social
class difference in the probability of survival to 70 years
from all-cancer mortality was 3% in the first 10-year
period as well as the last 10-year period. Similarly, the ab-
solute social class difference in probability of survival to
70 years was 2% for smoking-related cancers, and 1% for
non-smoking related cancers both in the first 10-year and
last 10-year period.
Discussion
This study in a British cohort of men followed-up from
middle-age shows that socioeconomic inequalities in
cancer mortality have persisted from 1978–80 until the
present. There was no evidence that the increased risk
of all-cancer, smoking-related and non-smoking related
cancer mortality in lower socioeconomic groups had
changed over the three decades of follow-up. The abso-
lute socioeconomic difference in cancer mortality rates
between social classes also remained unchanged.
Our study comprises a socially and geographically rep-
resentative cohort of men from across Britain. The high
follow-up rate (>98%) has enabled us to investigate in-
equalities in cancer mortality over a 35-year period. Our
measure of socioeconomic position (non-manual/ man-
ual social class), based on the longest held occupation
recorded at baseline could be defined for nearly all study
participants. This social class measure remained consist-
ent for almost all subjects throughout the study; over a
20 year period only 8% of participants changes their so-
cial class status under this definition [23]. Therefore, this
measure provides a stable and well-established marker
of social class. However, the cohort comprised men,
mostly Caucasian. Therefore, generalizability of findings
to women and other ethnic groups may be limited.aged 40–59 years in 1978-80
Non-manual group Manual group
50 (5.8) 50.5 (5.8)
25.3 (2.9) 25.6 (3.4)
143 (20.6) 147 (21)
904 (30%) 2142 (48%)
895 (29%) 1892 (43%)
1009 (33%) 1919 (44%)
Table 2 Age-adjusted hazard ratios (95% confidence interval) for cancer mortality comparing manual versus non-manual
social classes in a cohort of British men followed-up for 35 years
Age (years) 0-10 years
1978-80 to 1988-90
10-20 years
1988-90 to 1998-2000
20-35 years
1998-2000 to 2008-2013
40-49
N 3515
All-cancer mortality 1.11 (0.64, 1.93)
Smoking-related cancer mortality 1.32 (0.55, 3.14)
Non-smoking-related cancer mortality 0.98 (0.48, 2.02)
50-59
N 3764 3364
All-cancer mortality 1.62 (1.17, 2.24) 1.65 (1.14, 2.40)
Smoking-related cancer mortality 1.83 (1.18, 2.83) 1.58 (0.96, 2.61)
Non-smoking-related cancer mortality 1.40 (0.87, 2.25) 1.74 (0.99, 3.04)
60-69
N 3227 3027
All-cancer mortality 1.39 (1.10, 1.75) 1.27 (1.04, 1.55)
Smoking-related cancer mortality 1.61 (1.17, 2.21) 1.21 (0.89, 1.63)
Non-smoking-related cancer mortality 1.16 (0.83, 1.63) 1.32 (1.01, 1.73)
70-79
N 2315
All-cancer mortality 1.23 (1.01, 1.51)
Smoking-related cancer mortality 1.73 (1.25, 2.38)
Non-smoking-related cancer mortality 0.98 (0.75, 1.29)
Overall (all ages)
All-cancer mortality 1.48 (1.12, 1.95) 1.44 (1.19, 1.75) 1.26 (1.10, 1.46)
Smoking-related cancer mortality 1.72 (1.16, 2.54) 1.56 (1.20, 2.03) 1.44 (1.16, 1.78)
Non-smoking-related cancer mortality 1.26 (0.85, 1.86) 1.30 (0.98, 1.74) 1.14 (0.95, 1.38)
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ports on trends in inequalities in cancer [5,7]. Our over-
all results were also similar (no change in inequalities in
cancer mortality) even when using a more detailed social
stratification comparing social classes I and II with social
classes IV and IV. A limitation of our study is that pre-
cise dates of cancer diagnosis were not available for
some cases, particularly during the initial follow-up of
the cohort; this implied that we were unable to explore
inequalities in survival since diagnosis of cancer due to
imprecise data on exact date of diagnosis of cancers for
some cases. Nevertheless, the inequalities in cancer mor-
tality observed in our results are likely to be due to dif-
ferences in cancer survival since we observed no
evidence of social class differences in non-fatal cancers
(results not presented). Another issue with longitudinal
analyses as in this study is that of competing risk of
mortality from other major causes of death (for example
coronary heart disease) during follow-up. We have ob-
served similar persisting inequalities for coronary diseaseand all-cause mortality in our cohort [18]. Moreover,
competing risk, if anything, is likely to underestimate
the social class difference observed in cancer mortality,
since manual (or lower) social class groups are more
likely to die of other causes such as coronary disease.
However, this impact of competing risk is likely to be
present throughout the follow-up period and therefore,
unlikely to affect the overall pattern in inequalities ob-
served in the study, which is the focus of this paper.
Previous studies using data from Cancer Registries in
England and Wales have reported that inequalities in
cancer survival remained unchanged between 1986 and
2006 [5,7]. Our results on trends in inequalities extend
these findings to 2013, and also show that both the rela-
tive and absolute socioeconomic differences in cancer
mortality have remained substantially unchanged. This
pattern observed also for smoking-related cancers could
reflect the evidence that although smoking rates have
declined overall, socioeconomic differences in smoking
continue to persist with higher smoking rates in lower
Table 3 Rate per 1000 person years and absolute risk of cancer mortality comparing manual versus non-manual social
classes in a cohort of British men followed-up for 35 years
Age (years) 0-10 years 10-20 years 20-35 years
1978-80 to 1988-90 1988-90 to 1998-2000 1998-2000 to 2008-2013
Non-
manual
Manual Difference Non-
manual
Manual Difference Non-
manual
Manual Difference
Manual –
non-manual
Manual –
non-manual
Manual –
non-manual
40-49
All-cancer mortality 1.42 1.57 0.16
Smoking-related cancer mortality 0.54 0.71 0.17
Non-smoking-related cancer mortality 0.88 0.86 −0.01
50-59
All-cancer mortality 3.70 5.99 2.29 2.90 4.78 1.88
Smoking-related cancer mortality 1.85 3.46 1.61 1.56 2.56 1.00
Non-smoking-related cancer mortality 1.78 2.48 0.70 1.27 2.22 0.95
60-69
All-cancer mortality 9.30 12.77 3.47 9.55 11.96 2.42
Smoking-related cancer mortality 4.65 7.49 2.84 4.33 5.22 0.89
Non-smoking-related cancer mortality 4.57 5.22 0.65 5.22 6.75 1.53
70-79
All-cancer mortality 15.92 19.29 3.37
Smoking-related cancer mortality 5.68 9.69 4.01
Non-smoking-related cancer mortality 10.14 9.60 −0.54
Overall (all ages)
All-cancer mortality 2.53 3.87 1.34 5.85 8.55 2.70 11.74 14.61 2.87
Smoking-related cancer mortality 1.18 2.14 0.96 3.04 4.91 1.87 4.76 6.83 2.07
Non-smoking-related cancer mortality 1.32 1.70 0.39 2.74 3.61 0.87 6.95 7.78 0.83
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the present study was not to investigate possible factors
underlying inequalities in cancer mortality, previous stud-
ies show that other possible factors contributing to these
persisting inequalities are socioeconomic differences in
stage of diagnosis, access to treatment, or patient-level fac-
tors including nutrition and health-seeking behaviours [2].
Policy efforts through programmes such as the National
Cancer Equality Initiative are needed to address this trend
of persisting socioeconomic inequalities in cancer in the
UK. These programmes aimed at reducing inequalities
in cancer mortality will need continuous evaluation to
reduce cancer mortality in lower socioeconomic groups.
Further research is also needed to provide evidence for
effective public health interventions to reduce socioeco-
nomic inequalities in cancer mortality.Conclusions
In summary, this paper shows that socioeconomic in-
equalities in cancer mortality have persisted over the
last 35 years in Britain. Concerted efforts to address thecontinuing increased risk of cancer mortality in lower
socioeconomic groups needs to be addressed.
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